A b s t r a c t

Myxofibrosarcoma is a malignant tumor with distinctive histologic features and is believed to be derived from fibroblasts. The function of infiltrating myeloid cells in myxofibrosarcoma is poorly understood. It previously has been shown that a combination of dendritic morphologic features and expression of the C-type lectin, dendritic cell-specific intercellular adhesion molecule-3 grabbing nonintegrin (DC-SIGN), is useful for identifying DC populations in tissue sections. In the present study, we found that 3% to 61% (median, 22%) of cells in myxofibrosarcomas express DC-SIGN and have dendritic morphologic features. These DC-SIGN-positive cells are not in cell cycle and are consistent with infiltrating DCs. The percentage of DCs in myxofibrosarcomas is independent of tumor grade. It previously has been shown that DC-SIGN-positive cells are either immature DCs or DCs that predominantly activate T H 2 cells, both subsets likely to give rise to ineffective antitumor responses. The DC-SIGN-positive DCs that we have identified in myxofibrosarcoma may, therefore, be involved in the induction of ineffective immune responses or even tolerance to tumor antigens.
Myxofibrosarcomas are malignant tumors with distinctive histologic features and are believed to be derived from fibroblasts. 1 They commonly show a nodular growth pattern and are composed of round or stellate tumor cells with indistinct cell margins, pale eosinophilic cytoplasm, and hyperchromatic atypical nuclei embedded in a myxoid matrix. 1 Myxofibrosarcomas vary from a hypocellular, mainly myxoid, and purely spindle-cell appearance (low-grade neoplasms) to a high-grade, pleomorphic (malignant fibrous histiocytoma-like) tumor with multinucleated giant cells, high mitotic activity, and areas of necrosis. 1 The presence of myeloid cells in myxofibrosarcoma is well described, although the function of such cells remains unclear. Myxofibrosarcoma may therefore be regarded as a useful model for studying tumor infiltration by myeloid cells.
Determination of whether infiltrating myeloid cells in a neoplasm are macrophages or dendritic cells (DCs) may have important consequences for our understanding of antitumor immunity. DCs are specialized antigen-presenting cells capable of activating naive T lymphocytes and, thus, initiating an immune response. 2 Macrophages, on the other hand, are likely to perpetuate only an existing immune response. 2 Furthermore, the phenotype of a DC may vary, and this variation may permit the initiation of functionally different immune responses ranging from a cytotoxic response to immune tolerance. 2 It has proven difficult to identify a molecule that labels the majority of DCs but does not immunostain macrophages. 2 The recently identified C-type lectin, DC-specific intercellular adhesion molecule-3 grabbing nonintegrin (DC-SIGN), has emerged as a useful marker of DCs, and recent work has suggested that a combination of DC-SIGN immunostaining and dendritic morphologic features identifies the majority of DCs in peripheral tissues. 3 DC-SIGN also may be present on specialized populations of macrophages in the lung and placenta, 4,5 but we have failed to identify expression of DC-SIGN by macrophages at any other location, including sites of inflammation.
DC-SIGN expression also provides information about DC function. 4, 6 DC-SIGN is present predominantly on immature DCs, which express few costimulatory molecules and are likely to be poor activators of T lymphocytes. 4 Several DC lineages have been identified in humans, 7 and recent work has demonstrated that DC-SIGN also is expressed by the DCs that predominantly activate T H 2 cells (DC2) lineage. 4 This finding is consistent with data demonstrating that DC-SIGN expression is up-regulated by both interleukin-4 and interleukin-13, cytokines intimately involved in the T H 2 axis of immunity. 4, 8 Both immature DCs and DC2s are likely to lead to relatively ineffective antitumor immune responses. 7 In the present study, we demonstrated extensive DC-SIGN expression on cells with dendritic morphologic features in all grades of myxofibrosarcoma. By using antibodies against the cell cycle marker minichromosome maintenance protein-2 (Mcm2), [9] [10] [11] we performed double-labeled fluorescence confocal microscopy to show that the DC-SIGN-positive cell population is not in cell cycle, even in high-grade myxofibrosarcoma, and is, therefore, consistent with an infiltrating DC population. Our findings raise pertinent questions about the role of DC-SIGN-positive DCs in myxofibrosarcoma and potentially in other malignant neoplasms.
Materials and Methods
Selection of Tissue Samples
Archival paraffin blocks were retrieved from 43 cases of myxofibrosarcoma from the Department of Histopathology, Royal Marsden Hospital, London, England. Sections were reviewed histologically, and tumors were stratified by grade, using the criteria of Trojani and colleagues. 12 There were 23 low-grade tumors, 8 intermediate-grade tumors, and 12 high-grade tumors. Lymph node tissue was obtained from Addenbrooke's Hospital, Cambridge, England. Tissue was obtained after receiving approval from the Local Research Ethics Committee.
Single Immunostaining of Paraffin Sections
We stained 5-µm paraffin sections by the indirect immunoperoxidase technique using rabbit anti-DC-SIGN polyclonal serum and preimmune serum on serial sections as a negative control, as described previously. 4 
Immunofluorescent Staining for Confocal Microscopy
To perform double immunostaining for confocal microscopy, paraffin sections were immunostained with rabbit polyclonal anti-DC-SIGN serum 4 and mouse monoclonal anti-Mcm2 antibody. 10, 11 Pressure cooking was used for antigen retrieval, as described previously. 4, 9 Sections were incubated in both primary antibodies overnight in a mixture of tris(hydroxymethyl)aminomethane (Tris)-buffered saline (TBS), 1% bovine serum albumin, and 10% normal goat serum. Following rinsing in TBS, fluorescein isothiocyanate-conjugated goat antimouse antibody (Sigma, Poole, England) and Alexa 594 conjugated goat antirabbit antibody (Molecular Probes, Eugene, OR) were used for detection. Sections were mounted in fluorescence mounting medium (DAKO, Glostrup, Denmark), and images were obtained using serial scanning techniques with a confocal laser scanning microscope TCS 4D (Leica Lasertechnik, Heidelberg, Germany). Lymph node tissue was used as a positive control for both antibodies. As a negative control, serial sections of each tumor were immunostained with preimmune rabbit serum and/or omission of the anti-Mcm2 mouse primary antibody. To confirm that all the DC-SIGN-expressing cells represented infiltrating DCs rather than a neoplastic component of the myxofibrosarcoma, we reasoned that many of the malignant cells would be likely to be in cell cycle and, therefore, would express Mcm2. 9 Accordingly, double immunostaining of the myxofibrosarcoma cases for confocal microscopy was performed with a monoclonal antibody 
Cell Counting and Statistical Analysis
Discussion
We investigated whether infiltrating myeloid cells in myxofibrosarcomas are DCs. Myxofibrosarcomas contained between 3% and 61% (median, 22%) DC-SIGN-positive cells, and the percentage was independent of tumor grade. The DC-SIGN-positive cells had largely dendritic morphologic features, and fewer than 1% expressed the cell cycle marker Mcm2, regardless of tumor grade. Although only a proportion of neoplastic cells in myxofibrosarcoma would be expected to be in cell cycle at any given time, the lack of Mcm2 expression by the large majority of DC-SIGN-positive cells supports the notion that such cells represent infiltrating DCs rather than neoplastic cells. DC-SIGN-positive DCs are likely to represent a substantial fraction of the cells in myxofibrosarcoma previously reported as expressing myeloid lineage markers. At present, it is not possible to determine the relative numbers of DC-SIGN-positive and DC-SIGN-negative DCs in myxofibrosarcomas, as there is no good pan-DC marker (or marker of DC-SIGN-negative DCs) that does not also label macrophages.
To our knowledge, this is the first report describing the presence of DC-SIGN-positive cells in any neoplasm. Because such large numbers of DC-SIGN-positive DCs are seen in myxofibrosarcoma, it is important to establish their function within the tumor. The primary role of DCs is antigen presentation to T lymphocytes. 2 Antigen presentation usually occurs only in specialized lymphoid tissues at some distance from a primary tumor. 2 Therefore DC-SIGN-positive DCs are likely to be important in the uptake of antigen in tumors. DC-SIGN may contribute to this process by binding to mannosylated molecules and possibly by binding to one of its known ligands, intercellular adhesion molecule-3 (ICAM-3; CD50). 13, 14 Of note in this regard is that ICAM-3 is expressed at high levels on apoptotic cells, 15 which are a frequent finding in neoplasms.
The reasons for the presence of such large numbers of DC-SIGN-positive DCs in myxofibrosarcoma compared with normal tissues or sites of inflammation remain unclear. One possibility is that myxofibrosarcomas have specific mechanisms by which they recruit DCs, which also may determine the exact phenotype of DCs recruited. Such mechanisms could involve the release of chemotactic factors and/or the induction of various endothelial molecules that are important for macrophage-DC vascular transmigration. In support of this notion, macrophage chemotactic protein-1 (MCP-1) has been detected in cultures of myxofibrosarcoma cell lines. 16 MCP-1 is known to act as a potent chemoattractant for DCs. 17 In addition, specific stimuli may be required to induce DCs to leave tissues and migrate to regional lymph nodes. Such stimuli may include proinflammatory cytokines, products of various pathogens and other "danger signals" such as tissue damage and inflammation, acting via the induction of mediators such as chemokines. 2, 18 It is possible that myxofibrosarcomas (and other tumors) may, to varying degrees, lack appropriate stimuli for DC migration, causing large numbers of DCs to remain within the tumor. Further studies of DC populations in local lymph nodes in relation to tumor grade, tumor behavior, and clinical outcome seem warranted. The functions of the DC-SIGN-positive DCs in myxofibrosarcoma remain unclear. It previously has been shown that the more mature CD83+ DCs are almost universally negative for DC-SIGN in vivo, 3 suggesting that DC-SIGN is expressed rarely by DCs that are competent to activate T lymphocytes. Moreover, DC-SIGN is expressed only on the blood dendritic cell antigen-2-positive subset of peripheral blood DC precursors, which have been shown to have a pre-DC2 phenotype. 3 to stimulate naive T lymphocytes to become T H 2 rather than T H 1 effector cells and also may render CD4+ T cells anergic. 19, 20 It therefore is possible that DCs in tumors such as myxofibrosarcomas may induce an inappropriate immune response or even tolerance to tumor antigens.
We have shown that 3% to 61% (median, 22%) of cells within myxofibrosarcomas are infiltrating DCs and that the percentage is independent of tumor grade. We confirmed that the DC population in myxofibrosarcomas is not in cell cycle and, therefore, unlikely to be neoplastic. At present, the role of these DCs within the tumors remains largely unexplained.
